Abstract: Lipophosphoglycan (LPG), a surface glycoconjugate of Leishmania promastigotes, has been reported as playing an active role in protecting the parasite within phagolysosomes, by an impairment of monocyte oxidative responses. In this study the effect of LPG on the oxidative burst of human peripheral monocytes, eosinophils and neutrophils was evaluated. Our results demonstrated that either superoxide anion (O z-) or hydrogen peroxide (H20 2) release by LPG-pretreated cells was diminished, emphasizing the ability of this glycoconjugate to impair the oxidative activity of all phagocytes.
Introduction
Lipophosphoglycan (LPG) is the major glycoconjugate present on the surface membrane of Leishmania promastigotes. The molecular structure of LPG consists of three portions: a polymer of repeating phosphorylated saccharide units, a carbohydrate core and a novel lipid anchor, lyso-1-0-alkyl-phosphatidylinositol [1] . Actually, it is known that LPG consists of four parts instead of three. The fourth part is the 'cap' oligosaccharide which is Leishmania spp.-specific (Turco, S.J., personal communication). LPG is expressed in all species of Leishmania with conservation of the lipid anchor and with variation in saccharide moiety [2] [3] [4] . Its relative abundance, uniqueness of structure and cellular location suggest a critical role in the intracellular survival of parasites. In a particular part of its life cycle, Leishmania parasites reside and proliferate within the phagolysosome of phagocytes. Since the primary microbicidal activity of phagolysosomes depends on oxidative metabolism, it is necessary for the parasite to avoid this destructive activity. In effect, previous studies have demonstrated that preincubation of human peripheral monocytes with a suspension of LPG and subsequent treatment of these cells with phorbol myristate acetate (PMA) or opsonized zymosan result in attenuation of the oxidative burst [5] .
Other authors demonstrated that not only mononuclear phagocytes but also neutrophils may be the vehicles for the transport of the Leishmania parasite into the blood [6] and, at the same time, are able to kill the protozoan [7] .
Eosinophils are also involved in protection against many parasitic diseases, including protozoan diseases [8] . This suggests a possible protective role for polymorphonuclear phagocytes, at least in the early phases of Leishmania infection.
In this study the effect of LPG on the oxidative burst of human peripheral zymosan A-stimulated monocytes, eosinophils and neutrophils was investigated, in order to confirm the effective requirement of LPG for the intracellular survival of Leishmania in all peripheral phagocytes. 
Materials and Methods

Preparation of LPG
Neutrophil and eosinophil isolation
Peripheral blood of healthy donors was anticoagulated with EDTA (0.3%) and incubated at 37°C for 15 min with f-met-leu-phe (10 6 mol 1 1). The blood was layered over discontinuous Percoll gradient (65% and 75%) and centrifuged at 400 X g at 22°C for 25 rain. The eosinophils were collected between the 65% and 75% layers. The neutrophils were isolated from control tubes without f-met-leu-phe between 65% and 75% layers. The cells were washed twice in sterile phosphate buffered saline (PBS) and counted [9] .
Monocyte isolation
Heparinized peripheral blood of healthy donors was diluted (1 : 1) with sterile Hanks' balanced salt solution (HBSS), layered over Ficoll hypaque and centrifuged at 400 x g for 25 min. Lymphomonocytes were washed twice, counted and resuspended at a concentration of 1 x 10 6 ml 1 in iso-osmotic complete medium (RPMI 1640 supplemented with 2 mM glutamine, 50 tzg ml 1 gentamicin, 10% fetal calf serum and 4 mM Hepes). Then 5 ml of cell suspension was layered over 5 ml of Percoll (46% of mother solution) and centrifuged at 700 x g for 30 min at room temperature. Finally, the ring of isolated monocytes was collected and cells were washed and counted [101.
Respiratory burst assay
The respiratory burst of phagocytes was evaluated in terms of superoxide anion (Oy) and hydrogen peroxide (H202) production. The cells were preincubated with LPG (50 ~M) for 10 rain at 22°C and treated with serum-opsonized zymosan A for 1 h at 37°C. Controls included zymosan A-stimulated cells without LPG.
To measure O 2 production, 2 x 106 phagocytes were incubated at 37°C with end-over-end rotation at 4 rpm in the presence of 0.1 mM horse heart cytochrome C (type VI; Sigma) in PBS containing 5.5 mM glucose. Controls included tubes with bovine erythrocyte superoxide dismutase (Sigma) at 8.6 x 10 7 M. Sedimentation by centrifugation (8700 xg for 30 s) was used to stop the reaction after 1 h. Supernatants were spectrophotometrically examined for absorbance at 550 nM. The amount of O 2 produced was determined from the absorbance of reduced cytochrome c minus the absorbance of oxidized cytochrome c, divided by the extinction coefficient 21 x l0 s cm 1 M 1 [11] .
To measure H202 production, 2 X 106 cells were incubated at 37°C with end-over-end rotation (4 rpm) in the presence of 0.28 ~M phenol red (Sigma), 50/~g horseradish peroxidase type II (Sigma) per ml and 5.5 mM glucose in PBS. After 1 h, the tube was centrifuged at 8600 x g for 30 s. Then 1 N NaOH (0.1 ml) was added to the supernatants and absorbance was measured at 610 nm.
The concentration of H20 2 was determined from a standard curve (0 to 50/~M H20 2) [12] .
Statistical analysis
Analysis was performed by means of the unpaired t-test. 
Results
To establish the protective role of LPG, its ability to inhibit products of the oxidative burst, responsible for the primary microbicidal activity of phagocytes, was evaluated.
Our results show a significant attenuation of respiratory burst when 50/xM LPG was added to the cells and incubated for 10 min, before subsequent stimulation with zymosan A.
As illustrated in Fig. 1 , either O 2 or H202 release by monocytes pretreated with LPG was significantly (P< 0.05) diminished versus untreated cells.
Similarly 02 and H202 production of neutrophils and eosinophils were significantly reduced when cells were preincubated with LPG in comparison with control cells (see Figs. 2 and 3) , thus confirming the ability of LPG to hamper the oxidative metabolism of all human peripheral phagocytes.
The extent of oxidative burst inhibitory capacity by LPG was basically the same among the different cell suspensions used.
Discussion
In this work, the inhibitory effect of LPG on the oxidative burst exerted by monocytes, eosinophils and neutrophils and how it was affected by this substance, was demonstrated. Moreover, these results emphasize the capacity of LPG to protect the parasite by destructive cellular activities, thus contributing to the virulence of Leishmania.
LPG, an unusual glycoconjugate of Leishmania species, constitutes the most abundant surface component of this parasite [1, 13] . LPG, also known as 'excreted factor' [14] , is expressed in promastigote and amastigote leishmanial stages and several reports suggest that this molecule does play an active role in protecting the parasite within phagolysosomes of phagocytes. After entry into the phagolysosome of host cells, parasites have to neutralize cellular defences for their own survival.
Experimental evidence suggests that the mechanism of this protection may be based on the capacity of LPG to evade the action of hydrolytic enzymes [15] and the microbicidal oxidative burst [16] . Although the precise molecular mechanism by which LPG is able to disarm the oxidative burst is unknown, several functions for this role are proposed.
LPG serves as a 'scavenger' of oxygen-free radicals [17] . In particular, it was demonstrated that the phosphorylated saccharide moiety of L. donovani LPG is able to scavenge the elements of the oxidative burst in a cell-free system [18] . In addition, LPG is a potent inhibitor of the purified protein kinase C (PKC) in an in vitro system [19] . This enzyme is responsible for the activation of oxidative killing events in phagocytic cells. Therefore, its inhibition by LPG may be critical for the protection of Leishmania within phagolysosomes. This inhibitory effect on PKC resides in the 1-0-alkylglycerol lipid portion of LPG [20] .
Moreover, it was reported that LPG may act as a chelator of important divalent cations for the presence of its phosphate groups. In particular, the chelation of calcium might contribute to a reduction of calcium-dependent PKC activity [17] .
L. major LPG is known to serve as an acceptor for C3 of complement, which is converted to C3b by activation of the classical pathway.
Consequently, the binding of phagocytic CR1 receptor to the C3b-opsonized parasite leads to internalization of the protozoan [21] . Since the entry of an organism into macrophages via the CR1 receptor is known to trigger a reduced oxidative burst [21] , this ensures better intracellular survival of the parasite. Until now, these effects of LPG were demonstrated only for mononuclear phagocytes, but little was known about LPG activity on polymorphonuclear cells, which also may play a role in Leishmania phagocytosis and killing [7, 22] , especially in the early stage of infection [23] . In this respect, it is known that LPG is 61 highly down-regulated in quantity in amastigotes compared to promastigotes. Consequently, its function as an inhibitor of oxidative burst must take place during the early stage (first day or two) of infection. Physiologically, this is the time when the parasite is most vulnerable to microbicidal activity of phagocytes [24] .
Moreover, the knowledge of biological actions of LPG is useful in order to prepare a vaccine against human leishmaniasis.
